In this study, we examine the effects of Medicaid managed care (MMC) on prenatal care utilization and infant health. We obtain separate estimates of the effect of primary care case management (PCCM) managed care programs and HMO managed care plans on prenatal care utilization, birth weight, and cesarean section. The results suggest the following: MMC was associated with a small, clinically unimportant decrease in the number of prenatal care visits; MMC had no statistically significant relationship to the APNCU index of the adequacy of prenatal care; MMC was associated with a significant increase in the incidence of low-birth weight and pre-term birth; and MMC had no association with the incidence of cesarean section. We argue that a causal interpretation of the first and third findings is unsupported by a careful reading of the evidence, and we conclude that Medicaid managed care had virtually no causal effect on, prenatal care use, birth outcomes, and cesarean section.
increased during this period, the growth rate in Medicaid expenditures slowed, reaching a low of zero between 1995 (HCFA 2000 , but much of this decline is accounted for by the cap on DSH payments. Since 1996, growth in Medicaid expenditures has continued to be moderate by historical standards.
Another factor motivating the move to Medicaid managed care was the longstanding concern that Medicaid patients lacked access to quality primary care. Medicaid's relatively low reimbursement rates, partly a response to fiscal pressure, and its requirement that physicians accept the government's reimbursement as payment in full, limited physician participation. As a result, many Medicaid recipients often lacked a usual source of care (Newacheck et al. 1996; Newacheck et al. 1998 ). Medicaid managed care was viewed as a way to address this problem. Primary care case management, which links a Medicaid recipient with a primary care physician who is typically paid a monthly fee for coordinating patient care, should expand access to primary care. The structure of health maintenance organizations (HMOs), which is typified by a gatekeeper and a closed provider network, combined with appropriate financial incentives (e.g., capitated payments), could theoretically lead to greater access to primary care, more coordinated care, and an increase in preventive care. In sum, Medicaid managed care was viewed as a way to reduce costs and increase access to care and the quality of services received.
Various observers have noted the potential risks associated with the switch to Medicaid managed care. Probably the greatest of these is that providers may respond inappropriately to the financial incentives (e.g., capitation) inherent many managed care organizations, thereby limiting use of medical care, and consequently adversely affecting the health of Medicaid recipients. Another risk is that traditional safety-net providers, who have considerable expertise caring for low-income populations, will be excluded from managed care networks, forcing patients to interrupt established provider relationships as their eligibility and participation in Medicaid change. Again, this possibility may adversely affect the health of Medicaid recipients.
Given that approximately 40 percent of all births are now covered by Medicaid, understanding the effects of managed care generally and of different approaches to managed care for women covered by Medicaid is critical. Surprisingly, despite Medicaid's growing reliance on managed care, there is a relative paucity of empirical research on the subject. In particular, the effects of Medicaid managed care on health and how it affected children are two areas where empirical research is particularly scant. Importantly, Medicaid programs historically have been thought to provide poorer access relative to private insurance coverage thus new approaches, such as managed care, may have been implemented prior to a comprehensive assessment of it impact.
The purpose of this study is to examine the effects of Medicaid managed care on prenatal care utilization and infant health. Our analysis of infant health is particularly germane given the relative scarcity of such research and the heightened public concern with this particular issue. Indeed, poor infant health among low-income families was arguably the most substantive motivating factor behind the expansion of Medicaid eligibility for pregnant women occurring in the late 1980s. A second contribution of our analysis is that we differentiate between types of managed care models. Specifically, we obtain separate estimates of the effect of primary care case management (PCCM) managed care programs, which are usually not capitated, and HMO managed care plans, which are usually fully capitated, on prenatal care utilization and low birth weight. We also differentiate between managed care plans that mandate participation and those for which participation is voluntary. These distinctions are important because of differences in the financial incentives and organizational structure associated with the two types of managed care organizations, and because of selection issues associated with non-random participation.
Much previous research assessing the effect of Medicaid managed care was conducted during a period where PCCM was the dominant mode of managed care; but increasingly, the typical Medicaid managed care organization has been an HMO that bears most of the financial risk of providing care.
Previous Research:
There have been a number of studies on the effects of Medicaid managed care, and most are concerned with access to care and use of services. A few studies examined participant satisfaction with managed care and even fewer examined the effect of Medicaid managed care on health. In this review, we focus on those studies investigating the effect of Medicaid managed care on utilization and health.
This concentration is appropriate because ultimately it is a person's health and the cost of achieving that health that matters most for health policy, and thus Medicaid managed care should be judged on the basis of its effect-relative to traditional Medicaid-on health. However, because health is often difficult to measure, utilization may also have some efficacy as a criterion to measure the effectiveness of Medicaid managed care, although the link between utilization and health is generally weak (Newhouse 1993 , Friedman 2000 ).
An early summary of the effects of Medicaid managed care on utilization is provided by Hurley et al. (1993) . They review findings from 25 evaluations of Medicaid managed care programs that differ along several dimensions including the voluntary nature of program participation and the financing method (e.g., capitation). Emphasis, however, is placed on the findings from 12 evaluations that had more "reliable and valid assessments." Of these 12 programs, five had a fee-for-service payment structure and seven had capitated payments. The results from these 12 studies reveal that relative to traditional Medicaid, Medicaid managed care was associated with no change in physician visits and a decrease in the following: emergency room use, use of ancillary services (e.g., x-rays), prescription drug use and inpatient use. Hurley et al. (1993) also evaluate whether or not the effects of managed care depend on the way providers were reimbursed. Interestingly, the only significant difference revealed by this comparison relates to physician visits; managed care plans reimbursed on a fee-for-service basis were more likely to show an increase in physician visits. Otherwise, the effects of Medicaid managed care did not differ with respect to method of payment.
The finding that Medicaid managed care reduced utilization, particularly inpatient and emergency department use, has not consistently been confirmed in later studies. Indeed, a reanalysis of the Minnesota Medicaid Demonstration project by Freund et al. (1996) revealed no difference in utilization of medical services between recipients in a capitated managed care program and those in fee-for-service Medicaid. Similar results were reported by Sisk et al. (1996) who found no differences in utilization between traditional Medicaid and Medicaid managed care beneficiaries in New York. In contrast, a recent study by Zuckerman and Brennan (2001) , which used a nationally representative sample, found that participation in an HMO Medicaid managed care program reduced emergency room use and increased health care utilization relative to fee-for-service Medicaid. Zuckerman and Brennan (2001) also report, however, that participation in a primary care case management program had no effect on Medicaid recipients' utilization. Finally, Garrett et al. (2001) report similarly mixed findings in their analysis of a nationally representative sample. Most of these studies used samples of adults and focused on managed care plans that were reimbursed on a capitated basis.
Inconsistent findings also characterize the literature concerned specifically with the effect of Medicaid managed care on children. Mauldon et al. (1994 ), Holhen et al. (1990 and Long and Coughlin (2001) all report similar findings for children in capitated managed care plans. In the Mauldon et al. (1994) study, children in Medicaid managed care were equally likely to receive a checkup and to use the emergency room, but less likely to have an acute care visit than were children in fee-for-service Medicaid. Holhen et al. (1990) reported no differences in the number of physician visits between children in Medicaid managed care and traditional fee-for-service Medicaid in Suffolk County, New York. And Long and Coughlin (2001) , who examined the effect of Medicaid managed care in rural Minnesota, "…find few significant differences in access to, use of, and satisfaction with health care services for children under MMC relative to FFS"(p. 20) . In contrast, a study by Gavin et al. (1998) of the effect of Medicaid managed care on children's use of medical services in Florida showed declines in emergency department use similar to those reported in earlier studies. 1 Similarly, Zuckerman and Brennan (2001) and Garrett et al. (2001) found that among two nationally representative samples of children, those in Medicaid HMOs use the emergency room less and have greater health care utilization, especially preventive care, than do those in fee-for-service Medicaid. Gavin et al. (1998) also study the effects of Medicaid managed care in New Mexico, and in this case, the results indicated that there were no statistically significant differences in utilization between children in Medicaid managed care and those in 1 Somewhat surprisingly, however, the same study found that ambulatory care visits and preventive (EPSDT) visits increased under Medicaid managed care in Florida.
traditional Medicaid. Both the Florida and New Mexico programs were fee-for-service managed care.
Finally, Gadomski et al. (1998) report that children in a fee-for-service Medicaid managed care plan in Maryland had greater utilization, including emergency department use, than did children in the traditional Medicaid program.
Several studies examined the effect of Medicaid managed care on pregnant women and infants in a single state. The earliest was by Krieger et al. (1992) who investigated the effect of Medicaid managed care in Washington State. Three separate managed care organizations were involved in the study and each was paid on a capitated basis. Overall, Krieger et al. (1992) report no systematic effect of Medicaid managed care on prenatal care or birth weight. However, an anomalous finding from this analysis that undermines its credibility is that the Medicaid managed care plan associated with a significant worsening of prenatal care utilization was also associated with a significant improvement in birth outcomes. Levinson and Ullman (1998) report on a similar analysis of prenatal care and birth weight from Wisconsin, which had a Medicaid managed care program that relied on capitated payments. The results of this analysis indicated that Medicaid managed care was associated with an increase in prenatal care utilization, but no difference in birth weight, as compared to traditional fee-for-service Medicaid. Griffin et al. (1999) evaluated the effect of Medicaid managed care on prenatal care utilization in Rhode Island, which had a statewide, mandatory managed care program that used capitated payments to reimburse providers. Results indicated that the switch to Medicaid managed care was associated with a significant increase in prenatal care utilization. A similar increase was not observed for privately-insured patients in Rhode Island during this period. Thus, the authors concluded that Medicaid managed care increased prenatal care utilization, but noted that the increase was likely due to a variety of factors including an increase in reimbursement rates for providers. Finally, Moreno (1999) examined differences in perinatal outcomes (e.g., prenatal care and low birth weight) in Tennessee before and after the implementation of Medicaid managed care in 1994. The authors report that no statistically significant pre-post differences in outcomes were found. This brief review of the extant empirical research yields several insights. First, the empirical literature has not reached a consensus as to the effect-relative to traditional Medicaid-of Medicaid managed care on health care utilization. One possible explanation of this non-uniformity of results is because virtually all of the evaluations reviewed were based on non-experimental research designs. The key problem with this research strategy is finding the appropriate counterfactual outcome to compare to outcomes in Medicaid managed care. In fact, some studies did not even use a comparison group (e.g., Moreno 1999 ) and many used regression analysis to adjust for observable differences, but ignored potentially important unobservable differences (e.g., Mauldon et al. 1994; Zuckerman and Brennan 2001) .
If we limit the review to what may arguably be considered the most well-designed studies, there is more consistency in the findings, but some non-uniformity remains. For example, studies reviewed by Freund et al. (1989) and those by Long and Coughlin (2001) and Gavin et al. (1998) all use the same methodology-a difference-in-difference research design where pre-post differences of a treatment group are compared to the pre-post differences of a comparison group. These studies reach the same conclusion only for certain outcomes, namely that Medicaid managed care reduces emergency department use. For other outcomes, the studies reach differing conclusions. In addition, a similarly designed study by Godomski et al. (1998) found that Medicaid managed care increased many types of utilization including emergency department care. Financing differences among managed care programs cannot explain this inconsistency since the Godomski et al. (1998) study and the Gavin et al. (1998) study both focused on a fee-for-service managed care program.
A second notable aspect of the existing empirical literature is its focus on single-state studies. In fact, there are only two national studies and neither examined the effect of Medicaid managed care on infant health. Evaluations of the effects of Medicaid managed care have come primarily from small demonstration projects implemented in the 1980s and early 1990s. The relatively small sample sizes in most of these studies raises questions as to their statistical power. Moreover, the absence of an evaluation based on a broader geographic sample limits the usefulness of the existing literature for policymakers. It is appropriate to question the applicability of these early state studies to other states and other time periods. A national study covering a more recent period can address some of these concerns.
Third, there are very few studies of the effect-relative to traditional Medicaid-of Medicaid managed care on health. Studies of infant health provide the exception, although two of the studies reviewed above examined the effect of Medicaid managed care on avoidable hospitalizations, which are a good proxy of health status. Again, there is no consistent finding. Studies of infant health indicated that Medicaid managed care had no effect on birth weight even though it was often associated with an increase in prenatal care utilization (Krieger et al. 1992; Levinson and Ullman 1998) . In contrast, Medicaid managed care was associated with a decrease in avoidable hospitalizations among children and an increase in preventive care (Gavin et al. 1998; Godomski et al. 1998 ).
There are virtually no other studies of the effect of Medicaid managed care on health. However, there have been limited attempts to assess the effect of Medicaid managed care on the quality of care and satisfaction with care, but the relationship of these measures to health is not well documented. As noted above, health is arguably the litmus test for evaluating the effectiveness of Medicaid managed care.
Patient satisfaction and measures of the quality care are not adequate proxies for health and cannot replace health status as the critical outcome for evaluating Medicaid managed care. Moreover, there is little existing evidence as to the effect of Medicaid managed care on the quality of care and patient satisfaction, particularly for children (Sisk et al. 1996; Bergman and Homer 1998; Szilalgyi 1998) .
In sum, the switch to Medicaid managed care has occurred in the absence of definitive empirical information related to the effect of Medicaid managed care on health care utilization and health. The desire to contain costs and the belief that managed care is the way to accomplish this goal without adverse consequences has led policymakers to adopt Medicaid managed care. Of course, managed care in the public sector was preceded by managed care in the private sector. In 1992, just before the rapid growth in Medicaid managed care, nearly 70 percent of all privately insured persons were in some type of managed care. The experience of the private sector undoubtedly influenced the public sector. However, while there is considerable evidence that managed care has reduced costs in the private sector, there is relatively little evidence of its effect on health (Miller and Luft 1997; Glied 2000) . Thus, an important criterion for evaluating the switch to Medicaid managed care should be its affect on the health of low-income populations.
In this paper, we address this issue. We present the first national evaluation of the effect of Medicaid managed care on prenatal care and infant health. Our analysis covers the period from 1990 to 1996, a period of rapid growth in Medicaid managed care, and we obtain estimates of the effect of different forms of managed care organizations (PCCM vs. HMO). Finally, our analysis pays particular attention to the statistical problems associated with non-experimental evaluations. We use a pre-post research design with comparison group that is based on within-county, time variation in Medicaid managed care programs.
Empirical Model and Statistical Methodology:
The hypothesis underlying our empirical analysis is straightforward: the change in the financing and organization of the provision of care that Medicaid managed care represents may affect the quantity and quality of care, which may in turn affect health. Accordingly, the goal of the analysis is to obtain causal estimates of the effect of Medicaid managed care on prenatal care utilization and infant health, as measured by birth weight.
Our empirical model is guided by economic theory, specifically, the economic model of the demand for health and health care utilization. In this model, infant health is produced by the family using several health inputs, which broadly speaking consist of medical care (e.g., prenatal care), other market goods (e.g., maternal nutrition and exercise), and parental time. Infant health also depends on biological determinants of health that are unaffected by family actions, and the technical relationship governing the transformation of health inputs (e.g., maternal nutrition) into infant health. In addition, families have limited resources (i.e., money and time) and must make choices on how to allocate these scarce resources to various uses including the production of infant health.
This model yields what economists refer to as the demand functions for infant health and health inputs. These demand functions describe the factors that account for variations in infant health and prenatal care utilization. In general, demand functions for infant health and prenatal care utilization depend on prices of health care inputs (e.g., prenatal care), prices of market goods (i.e., inputs) used to produce infant health, family income, family preferences for child quality, and factors that affect the technical transformation of health inputs into infant health.
A simple algebraic representation of the demand function for infant health is as follows:
(1) 1996 ,..., 1990 t (states) 1,...,50 k
LBW is equal to one if a birth was below 2500 grams, which is an important measure of infant health; ijt NM is equal to one if a mother is not covered by Medicaid, ijt FFS _ M is equal to one if a mother is covered by Medicaid fee-for-service; ijt HMO _ M is equal to one if a mother is covered by a Medicaid managed care plan (either PCCM or HMO); ijt X is a vector of personal attributes of the mother such as age, race/ethnicity, education, marital status and maternal health, all of which may be viewed as exogenous determinants of family preferences for child health, family income, the price of other prenatal care inputs (e.g., mother's time) and the health production technology; j φ is a county fixed effect; t τ is a year fixed effect; and ( In practice, we cannot estimate equation (1) because birth certificates do not have information on insurance status or participation in managed care. The only information we have is from an Urban Institute survey that indicates whether or not a county has a Medicaid managed care plan of a specific type-for example, an HMO with mandatory participation-at time (t). This will result in biased estimates of the effect of interest: 1 2 β β − . The model we estimate is the following:
is an indicator of whether or not county j at time t has a managed care program.
The parameter 1 α measures the following:
and the bias can be derived as follows:
As equation (6) If the E(M) and E(P) are close to one, than the bias will be small. of the estimates are biased because of heteroscedasticy. This problem is mediated by the large number of observations used in the analysis.
To minimize the bias, we use demographic characteristics to identify women most likely to be eligible for, and covered by, Medicaid. Specifically, we use education and marital status to select women most likely to be eligible for and participating in Medicaid. For example, according to data from the 1992 Current Population Survey, nearly all unmarried pregnant women with fewer than 12 years of education are eligible for Medicaid. Moreover, 85.2 percent of this group of women reported having Medicaid coverage (see Table 3 below). In contrast, few married women with 12 to 15 years of education are eligible for Medicaid and Medicaid covers only 12.6 percent of them (see Table 3 below). Thus, by limiting the sample to women with certain demographic characteristics, we are confident that we have identified an appropriate sample of women to examine the effects of Medicaid managed care. This approach has been used previously by Waidman (1999, 2001) and Dubay, Joyce, Kaestner, and Kenney (2001) .
To further minimize the bias, we can make use of information as to whether or not the managed care plan was voluntary or mandated. Mandated plans will be associated with high proportions of women in the managed care plan [E(P) is close to one]. So focusing on counties with managed care plans with mandatory participation addresses the bias from not knowing who is enrolled in managed care. 4
Given the above data setup, the parameters of equation (2) can be estimated using a variety of statistical procedures (e.g., ordinary least squares). However, there are two problems that undermine the causal interpretation of such estimates. The first is that some Medicaid managed care programs were voluntary. The voluntary nature of these programs makes it likely that participation is not randomly determined. For example, there is some evidence suggesting that pregnant women who choose to be in Medicaid managed care may be healthier or have lower rates of utilization than women in the traditional Medicaid program (Sisk et al. 1996; Leibowitz et al. 1992; West et al. 1996) . In the absence of data on these differences, estimates of the effect of Medicaid managed care will be biased by this selection process. To address this issue, we estimate a modified version of equation (2) that differentiates between voluntary and mandated managed care programs. Medicaid managed care programs that mandate participation will be less affected by the non-random selection bias than voluntary programs. The modified empirical model is: (7) is identical to equation (2) except that the effects of managed care programs are allowed to differ according to whether or not they are voluntary (V) or mandatory (M) programs. A comparison of the estimated effects between voluntary and mandated programs can provide insight into the seriousness of the selection issue. Estimates associated with the mandatory programs are more credible indicators of managed care effects because they are not affected by non-random selection into the program and because they minimize the bias associated with not knowing who is enrolled in managed care.
A second statistical issue concerns the validity of the pre-post design underlying equations (2) and (7). Both equations include county controls ( j φ ), which account for unmeasured, time-invariant factors specific to the county that affect birth weight and prenatal care utilization, and controls for statetime (trend) effects ( t k x τ δ ). Therefore, identification of the effects of Medicaid managed care is coming from the pre-post differences in outcomes within a county, conditional on state-specific trends.
Nevertheless, there may be unmeasured, time-varying factors specific to the counties that affect birth weight and prenatal care utilization, and which are correlated with the switch to Medicaid managed care.
This circumstance would result in biased estimates of the effect of Medicaid managed care. 5
To bolster the causal interpretation of the findings from our analysis, we stratify the sample by the likelihood of being eligible for, and covered by, Medicaid. As noted above, education and marital status are reasonably good proxy variables for Medicaid eligibility and coverage. Therefore, we can estimate equation (7) for groups of women who differ by their likelihood of being covered by Medicaid and therefore affected by Medicaid managed care. There should be a clear pattern to the results; estimated effects of Medicaid managed care should be larger for groups most likely affected. In contrast, similar estimates across groups that differ in their likelihood of being affected by Medicaid managed care is evidence that there is some unmeasured, time-varying factor that affects prenatal care utilization and birth weight, which is also correlated with the implementation of Medicaid managed care. While not explicit, this approach uses groups less likely to be affected by Medicaid managed care as a comparison group. Pre-post changes in prenatal care and birth weight associated with the introduction of Medicaid managed care should be larger for the treatment group, the group most likely affected by Medicaid managed care, than for the comparison group, the group least likely affected.
Finally, it is important to acknowledge that we are assessing the impact of state policy choicesmandatory and voluntary managed care programs as they are implemented in practice-not managed care per se. Accordingly, we interpret our estimates as the average national effects of the managed care policy choices states have made in a given county.
Data:
The principal source of data for this analysis is the National Natality Files for 1990 through 1996.
These files contain information on all births in the United States collected from birth certificates, but because of missing information on education and marital status, we cannot use observations from upstate New York. The Natality Files contain information on prenatal care use, birth weight, delivery method, and information on maternal characteristics including age, race, education, marital status, medical risk factors and reproductive history. We use only observations for singleton births.
As noted earlier, use of the National Natality files yields extremely large samples of births. This is important because estimates of the effect of Medicaid managed care are expected to biased toward zero by measurement error. Thus, the large sample sizes will allow us to detect reliably very small effects.
Moreover, given the large sample sizes, we are able to examine the effect of Medicaid managed care separately by race/ethnicity. Specifically, we use three race/ethnicity categories: non-Hispanic, white; non-Hispanic, Black; and Hispanic of any race. Besides the inherent interest in whether or not Medicaid managed care had different effects by race/ethnicity, the stratification of our sample by race/ethnicity is advantageous in light of our research design that depends on differences in demographic characteristics to sort women by income and Medicaid participation. We elaborate on this below, but note that the same demographic characteristics will result in different income and insurance status distributions by race/ethnicity. For example, it is well known that incomes among Black families are lower than incomes of white families. Thus, among women with the same demographic characteristics, a higher proportion of Black pregnant women will by covered by Medicaid than White women. Changes over time in the race/ethnic composition of the demographic groups we use to stratify the sample may confound estimates of the effect of Medicaid managed care on health and health care utilization. Obtaining separate estimates by race/ethnicity avoids this potential problem.
Dependent Variables
We examine the effect of Medicaid managed care on a variety of dependent variables related to infant health. Among the most important inputs affecting infant health is prenatal care and we examine two variables that measure different aspects of such care: the total number of prenatal visits received; and a dichotomous indicator of whether the mother received inadequate prenatal care conditional on the timing of care initiation. 6 Adequacy of prenatal care is measured as having "intermediate" or "inadequate" care according to the Adequacy of Prenatal Care Utilization (APNCU) index (Kotelchuck 1994) .
We measure infant health using a dichotomous indicator of whether the birth was of low weight (less than 2500 grams). We also examine the effect of Medicaid managed care on the incidence of preterm births, which are defined as births with a gestational age less than 37 weeks. While it may seem redundant to examine both LBW and pre-term birth, since pre-term birth is the most important proximate cause of LBW, examining both outcomes provides a type of specification test because of differences between the two outcomes in the scope of clinical intervention. In the case of pre-term birth, there is relatively little that can be done clinically to alter its incidence (Collaborative Group on Preterm Prevention 1993; Gibbs et al. 1993; Hack and Merkatz 1995; Tucker et al. 1991) . In contrast, the scope of clinical intervention is greater for LBW, for example, through smoking cessation and nutrition programs. Therefore, Medicaid managed, which may change physician practice patterns and treatment, may affect LBW, but should have relatively little effect on pre-term birth. Estimates of the effect of Medicaid managed care should reflect these facts; estimates should be larger for LBW than pre-term birth. If estimates of the effect of Medicaid managed care are similar across the two outcomes, it is unlikely that we have identified a true managed care effect. Instead, this finding would suggest that there is some omitted variable that is affecting birth outcomes that is correlated with the implementation of Medicaid managed care.
Finally, we examine the impact of Medicaid managed care on the use of cesarean section to investigate directly whether Medicaid managed care affects patient care. Ultimately it is changes in provider practice patterns, either because of a change in provider or change in provider behavior induced by Medicaid managed care, that are required to bring about changes in Medicaid recipients utilization and health. In obstetrics, cesarean section is a relatively common procedure for which the physician has some discretion. Therefore, the incidence of cesarean section may be influenced by Medicaid managed care, which may cause a change in provider or a change in provider behavior.
Medicaid Managed Care Indicators
As noted, birth certificates do not contain information on insurance status or Medicaid managed care participation. Therefore, we use information on the type of Medicaid managed care in the woman's county of residence at the time of birth and append it to information on the birth certificate. The county Medicaid managed care measures come from an Urban Institute survey of state Medicaid program directors. Thus, we only observe whether or not a woman gave birth in a county that has a particular type of Medicaid managed care program, not whether she is actually enrolled in the program.
The county Medicaid managed care implementation survey collected information from state Medicaid agencies on the start and end dates of managed care programs operating for children and adults in each county. 7 Information was collected at the county level because many states phase in their programs, starting with a few, mainly urban, counties and later expanding to others. The survey indicates whether the county has a voluntary or mandatory PCCM or HMO. Many counties have multiple types of programs in a county at one time (e.g., mandatory PCCM programs and voluntary HMO programs).
Where possible, the survey data were cross-checked with information from other sources, such as Medicaid managed care enrollment reports published by the Health Care Financing Administration and numerous case studies. As noted, Medicaid managed care programs fall into two broad plan types: primary care case management (PCCM) and health maintenance organization (HMO). PCCM programs contract with a primary care gatekeeper (e.g. physician, clinic) who coordinates primary and specialty care for Medicaid beneficiaries. HMO programs contract with an existing HMO, pre-paid health plan (PHP), or other institutional health care provider who, in addition to coordinating care assumes financial risk of providing covered services. There is great variation in the payment methods and other arrangements within PCCM and HMO types that are described in detail elsewhere Freund 1988, Hurley et al. 1993) . Typically, PCCM programs are paid on a fee-for-service basis, plus a small monthly case management fee per enrollee, while HMO plans are paid a capitation rate.
Using the information on the timing and location of Medicaid managed care program implementation, we construct eight indicators of the presence Medicaid managed care in a county: no Medicaid managed care (i.e., fee-for-service), mandatory PCCM or HMO, mandatory HMO only, mandatory PCCM only, mandatory PCCM or voluntary HMO, voluntary PCCM or HMO, voluntary HMO only, and voluntary PCCM only. 8 We use these eight indicators to estimate a modified version of equation (2). Again, we acknowledge that there are important differences in Medicaid managed care programs within the broad groups we have created. Therefore, our results need to be interpreted as average effects. Table 1 shows the variation by year in the number of states with Medicaid managed care programs. In general, there was significant expansion in Medicaid managed care during this period. For example, in 1991, only five states had at least one county with a mandatory HMO only plan, but by 1996, 20 states had at least one county with such plans. There were also significant differences in the growth of various types of programs; there was little growth in voluntary programs, but mandatory programs were greatly expanded between 1991 and 1996. Moreover, the proportion of births occurring in counties that had a Medicaid managed care program increased significantly during this period, as shown in Table 2 . In 1991, approximately 30 percent of all births to unmarried, women with fewer than 12 years of education occurred in a county with some type of Medicaid managed care program. 9 By 1996, this share rose to over 85 percent. Thus, up to 55 percent of this sample of women was affected by the switch to Medicaid managed care since, as we document below, virtually all of these women are eligible for Medicaid, and the vast majority of them were enrolled in Medicaid. 7 AFDC-related groups include AFDC, AFDC-UP, poverty expansions (for children), and Medically Needy (depending on the state). 8 We also experimented with alternative specifications of the policy variables. Specifically, we obtained estimates from a model that used a six-month lag for Medicaid managed care indicators, and from a model that used four nonmutually exclusive categories of Medicaid managed care (mandatory PCCM, mandatory HMO, voluntary PCCM, voluntary HMO). The estimates from these regressions lead to the same inferences as those reported in the text. 9 We do not know whether a woman was covered by Medicaid or whether she was enrolled in a managed care program. Thus, the figures in Table 2 are upper bound estimates of the number of women affected.
Characteristics of the Mother and Child
Characteristics of the mother are used to control for variation in outcomes due to differences in family preferences for child health, family income and the price of other infant health inputs (e.g., wages).
Since we do not have direct measures of these variables, we use exogenous determinants of these factors.
Thus, in addition to the mother's education, marital status and race, which we use to stratify the sample, we also include in the model age of the mother (six categories), birth order of the child (a dummy variable indicating first born), and an indicator of whether the mother was foreign born. 10
As mentioned earlier, we estimate separate models by mother's socio-economic status, which we define using mother's education and marital status. The purpose of stratifying the sample by these characteristics is to identify women most likely to be covered by Medicaid Table 3 support our research strategy; marital status and education do a reasonably good job identifying pregnant women who are poor and covered by Medicaid. For example, Medicaid covered 85.2 percent of unmarried women with fewer than 12 years of education in 1991. In contrast, Medicaid covered only 12.6 percent of married women with 12 to 15 years of education. The differences in Medicaid coverage by demographic group is essential to our research design, which is basically a pre-post comparison of prenatal care use and birth weight associated with the implementation of Medicaid managed care. Any observed pre-post differences may be the result of changes in prenatal care and birth weight that are unrelated to the introduction of Medicaid managed care.
One way to assess this possibility is to examine pre-post differences of groups unaffected, or less affected, by the introduction of Medicaid managed care. The effect of Medicaid managed care should be roughly proportional to the number of women potentially affected by this policy change. 11 Accordingly, we expect the largest effects for the group of unmarried women with fewer than 12 years of education and the smallest effects for the group of married women with 12 to 15 years of education. If this pattern does not emerge, for example if estimates across demographic groups were similarly sized, this would be evidence that the pre-post difference is measuring more general changes in prenatal care and birth weight that are unrelated to Medicaid managed care.
Results:
Below we present the results from our regression analysis, which uses individual-level data from birth certificates to estimate the effect of Medicaid managed care on the following outcomes related to infant health: prenatal care use, incidence of low birth weight, pre-term birth, and cesarean section.
Estimates are obtained by ordinary least squares regression using a model that includes controls for county fixed-effects and state-specific linear time trends. 12 Analyses were done separately by race/ethnicity of the mother, and within each race/ethnicity group, separately by demographic characteristics of the mother. As noted, we used four different groups of women defined by education and marital status: unmarried women with fewer than 12 years of education, married women with fewer than 12 years of education, unmarried women with 12 to 15 years of education and married women with 12 to 15 years of education.
We present only the estimates associated with mandatory managed care programs and focus our discussion of the results on these programs. This choice reflects the fact that with the exception of HMOonly programs, there was little growth in voluntary managed care programs, as shown in Tables 1 and 2. Thus, from a policy perspective, it is the mandatory programs that are of most interest. Moreover, the estimates of the effects of voluntary programs are potentially biased because of non-random selection into such programs. Such selection should be less problematic in the case of mandatory programs, and therefore, estimates of the effects of these programs are more credible. For completeness, we have included an appendix with the entire set of estimates.
Non-Hispanic, White Women
We begin our review of the findings with the regression estimates obtained using a sample of white, non-Hispanic women. Estimates of the effect of Medicaid managed care are presented in Table 4 , which has four columns of estimates. Each column lists estimates pertaining to one of the four groups defined by education and marital status with the group most likely to be enrolled in Medicaid in the first column and the group least likely to be enrolled in Medicaid in the fourth column. Therefore, we expect any estimates of the effect of Medicaid managed care to be larger in the first column than the fourth.
Indeed, we expect estimates to become increasingly smaller from column 1 to column 4 since the proportion of women enrolled in Medicaid also becomes increasingly smaller and less significant from column 1 to column 4. In each column, estimates of the effect of Medicaid managed care are presented for several outcomes.
The first outcome presented is the number of prenatal care visits. Estimates indicate that women who lived in counties with a mandatory HMO Medicaid managed care program had fewer prenatal care visits than women who lived in counties with a mandatory PCCM program or traditional Medicaid.
These estimates are quite small in magnitude, however, and suggest that such programs decreased the number of visits by between 0.03 (column 3, Mandatory PCCM) and 0.28 (column 1, Mandatory HMOonly) visits, or by between zero and two percent. In addition, the magnitudes of the estimates are similar across demographic groups, which is a finding contrary to expectations; as noted, we expect estimates to be the largest in column 1 and smallest in column 4. Estimates listed in appendix also indicate that women who lived in a county with a voluntary HMO-only managed care program had less prenatal care visits than women who lived in a county with traditional Medicaid. Again, the estimates are small in magnitude and similar across demographic groups. In sum, estimates presented in Table 4 suggest that mandatory Medicaid managed care programs were associated with a small, clinically unimportant decrease in the number of prenatal care visits. A causal interpretation of this finding, however, is unjustified because of the unexpected similarity of estimates across demographic groups.
The second outcome we examined was the incidence of inadequate prenatal care, defined as having "intermediate" or "inadequate" care according to the Adequacy of Prenatal Care Utilization (APNCU) index (Kotelchuck 1994) . For this outcome, estimates are mixed: estimates associated with the policy indicators that have a mandatory PCCM component are negative, but estimates associated with a mandatory HMO-only are positive. However, for all of the managed care indicators, estimates of their effect on the incidence of inadequate prenatal care are relatively similar across demographic groups suggesting that these estimated effects are not causal. For example, a mandatory HMO-only program is associated with a 0.01, or 2.3 percent, increase in the incidence of inadequate prenatal care among unmarried women with fewer than 12 years of schooling, almost all of whom are covered by Medicaid. It is therefore surprising that a mandatory HMO-only program has a similar estimated effect, 0.009, or 4.3 percent, for married women with 12 to 15 years of schooling since few of these women are covered by
Medicaid. Estimates of the effects of voluntary programs, which can be found in the appendix, indicate that voluntary PCCM programs are associated with a decrease in the incidence of inadequate prenatal care, but the similarity of estimates across demographic groups suggests that these estimated effects are not causal. In summary, the estimates in Table 4 related to prenatal care use, suggest that mandatory Medicaid managed care programs had little effect on prenatal care use, as measured by the APNCU index, of non-Hispanic White women. Estimates were small in magnitude, mostly insignificant and did not exhibit the expected pattern across demographic groups.
We next turn our attention to infant health. Specifically, we examined the effect of Medicaid managed care on the incidence of low birth weight (LBW) and pre-term birth. The estimates of the effect of Medicaid managed care on LBW and pre-term birth in Table 4 are all positive and statistically significant. Similar results were found for voluntary managed care programs (see appendix). Moreover, estimated effects are large; for example, a mandatory PCCM/HMO program is associated with an increase in the incidence of low birth weight of between 0.010 (column 4) and 0.020 (column 3), which represent an approximate 25 percent increase in the incidence of low birth weight. For both infant health outcomes, however, the magnitudes of the estimates within each row are similar across demographic groups, which is counter to expectations; estimates should be larger for groups with greater Medicaid enrollment who are more likely to be affected by the switch to managed care. 13 Moreover, estimates of the effect of Medicaid managed care on pre-term birth are usually larger, both in absolute and relative terms, than estimates of the effect of Medicaid managed care on LBW. This finding is inconsistent with the clinical literature related to these two outcomes; Medicaid managed care should have a larger effect on the incidence of LBW since the scope of clinical intervention is greater for this outcome.
These results are difficult to interpret. The positive estimates associated with the managed care variables most likely reflect a general trend in these outcomes that is coincident with the introduction of Medicaid managed care. This conclusion is consistent with the absence of a causal relationship between Medicaid managed care and prenatal care use. Indeed, there was not even a statistical association between Medicaid managed care and prenatal care use that could explain these worsening birth outcomes, although the inputs to care could be different. While mandatory Medicaid managed care programs were associated with less prenatal care visits other types of Medicaid managed care programs were not, and not all mandatory programs were associated with an increase in inadequate prenatal care as defined by the APNCU index. However, all of the Medicaid managed care programs are associated with worse birth outcomes. Moreover, Medicaid managed care had similar effects on pre-term birth, which contradicts clinical experience. It is unlikely that these strong positive associations between Medicaid managed care and the incidence of low-birth weight are causal. Instead, estimates in Table 4 suggest some type of specification error-for example, an omitted variable.
To investigate this possibility, we re-estimated the birth weight regressions including the countyspecific number of neonatal intensive beds. The results did not change with the addition of this variable.
We also estimated models restricted to urban counties, since many managed care plans were implemented in urban counties. Again, the results were basically unchanged from those reported. We also estimated models with lagged managed care indicators and these results were similar to those reported.
If we assume that the effect of this omitted variable is being measured by the estimates associated with groups unlikely to be affected by Medicaid managed care, then estimates in Table 4 suggest that Medicaid managed care had no effect on the incidence of low-birth weight and pre-term birth. 14 In the absence of this assumption, we are prevented from drawing any firm conclusions, except perhaps that there is no evidence to suggest that Medicaid managed care had a positive effect on birth weight.
The last outcome we examined was the incidence of cesarean section. As can be observed, all but one estimate of the effect of Medicaid managed care on cesarean section is numerically negligible and statistically insignificant. Thus, there is no evidence that Medicaid managed care has affected this type of obstetrical procedure.
Non-Hispanic, Black Women
Table 5 presents a similar set of estimates as those just described, but in this case estimates were obtained using a sample of non-Hispanic, Black women. The presentation of the estimates in Table 5 is organized in exactly the same way as Table 4 .
Estimates related to the number of prenatal care visits indicate that all of the mandatory Medicaid managed care programs listed in the table are associated with a reduction in the number of prenatal care visits; and nearly all of the estimates are statistically significant. In terms of magnitude, the estimates were relatively small: between -0.06 (column 4, Man. PCCM and Vol. HMO) and -0.47 (column 3, Mandatory PCCM/HMO), or between zero and five percent. Among the voluntary programs, estimates were mixed; voluntary HMO programs were associated with a decrease in prenatal care visits, but voluntary PCCM and voluntary mixed (PCCM and HMO) were associated with an increase in visits. If we examine the magnitudes of the estimates across demographic groups, however, we observe very similarly sized estimates. This pattern of results is inconsistent with a causal interpretation. We expected to find larger estimated effects among groups with greater Medicaid enrollment, but this is not what is observed. We believe that the significant associations we observe between Medicaid managed care and the number of prenatal care visits is due to a specification error. As noted above, under certain assumptions, the similarity of the estimates across demographic groups imply that Medicaid managed care had no true effect. Absent this assumption, estimates in Table 5 suggest that Medicaid managed care had a small negative effect on the number of prenatal care visits.
A similar conclusion is suggested by the estimates of the effect of Medicaid managed care on the incidence of inadequate prenatal care utilization. For this outcome, there are fewer statistically significant associations. Moreover, even the statistically significant estimates that are related to these outcomes do not follow the expected pattern. Estimated effects of managed care on the incidence of inadequate prenatal care are largest for married women with 12 to 15 years of education, but this is the group that is least likely to be enrolled in Medicaid and therefore be affected by Medicaid managed care. In addition, estimates of the effect of mandatory PCCM and mandatory PCCM/HMO programs have opposite signs.
It is difficult to reconcile these estimates given the similarity of the two types of programs. The estimates
in Table 5 suggest that Medicaid managed care had no significant affect on the adequacy of prenatal care use of non-Hispanic, Black women.
Estimates in Table 5 of the effect of Medicaid managed care on LBW and pre-term birth are positive, large, and statistically significant. But the similarity of the estimates across all demographic groups suggests a spurious not causal relationship. It is also the case that Medicaid managed care has a larger association in both absolute and relative terms with pre-term birth than it does with LBW. As noted above, this is surprising given that the limited scope of clinical intervention associated with preterm birth. And the evidence related to prenatal care is inconsistent with the estimates related to birth weight and pre-term birth. Some of the estimates related to prenatal care indicated that Medicaid managed care increased the number of prenatal care visits and decreased the incidence of inadequate prenatal care, but all of the birth weight estimates indicate that Medicaid managed care increased adverse outcomes. To sum-up, we believe the appropriate interpretation of the estimates is that there is no causal relationship between Medicaid managed care and LBW among non-Hispanic Black women, but that general trends in this outcome were correlated with the switch to Medicaid managed care; estimates in Finally, estimates in Table 5 indicate that Medicaid managed care had no numerically important or statistically significant relationship to the incidence of cesarean section among non-Hispanic, Black women. The one exception is the mandatory HMO-only managed care programs. In this case, estimates suggest that these types of programs increased the use of cesarean section among groups likely to be affected. The magnitudes of the estimates across demographic groups are consistent with expectations;
the largest effects are found among groups with the greatest Medicaid enrollment and there is no statistically significant association among groups least likely to be enrolled in Medicaid.
Hispanic (any race) Women
The last race/ethnicity group we obtained estimates for was Hispanic women, who can be of any race. Estimates of the effects of Medicaid managed care on this group's use of prenatal care and cesarean section, and their infants' birth weight are presented in Table 6 . In general, the estimates in Table 6 lead to a conclusion similar to those reached for the other two race/ethnicity groups. The statistical associations between Medicaid managed care programs and prenatal care use are mixed; some types of programs are associated with an increase in prenatal care use and others are associated with a decrease in such use. However, as a whole, the estimates related to prenatal care do not support the hypothesis that there is a causal relationship between Medicaid managed care programs and prenatal care use. The primary reason for this conclusion is that estimates of the effect of managed care are not even roughly proportional to the proportion of women potentially affected by managed care. In several cases the largest estimates are associated with the group least likely to be affected by managed care. In general, there is evidence that Medicaid managed care was associated with a slight decrease in the number of prenatal care visits, but the decrease was unimportant from a clinical perspective. For the adequacy of prenatal care measure, estimates in Table 6 were small in magnitude, often not statistically significant, and indicated both positive and negative effects. These results suggest that Medicaid managed care had no significant effect on this outcome.
As was the case for the other two racial/ethnic groups studied, estimates of the effect of Medicaid managed care on LBW and pre-term birth were uniformly positive, statistically significant, and large in magnitude. Also similar to the other groups, the pattern of the estimates undermines a causal interpretation of such estimates. Estimates of the effect of Medicaid managed care on pre-term birth are usually larger than estimates of the effect of Medicaid managed care on low birth weight, and the largest estimates of the effect of Medicaid managed care are not always observed among the groups most likely affected by managed care. The likely mis-specification of the empirical model prevents firm conclusions, but if we are willing to assume that some of the demographic groups are a good comparison group for others, the estimates in Table 6 suggest that Medicaid managed care had no effect on LBW and pre-term birth. In any case, results appear to rule out a conclusion that Medicaid managed care improved birth outcomes. Finally, nearly all of the estimates of the effect of Medicaid managed care on cesarean section were small and statistically insignificant.
Single State Analyses
While we have argued that a national evaluation has advantages related to statistical power and broad applicability of results, a disadvantage of such an evaluation is the loss of detailed information about managed care policies in individual states. For example, some states have generous reimbursement rates compared to others and the effect of managed care may be state-specific. To investigate this issue, we re-estimate the birth weight model for non-Hispanic white women for seven states that differed by their fee generosity and other aspects of implementation. The seven states are: CA, CO, FL, MI, PA, TN and WA. Information on fees and program implementation was taken from Holahan, Rangarajan, and Schirmer (HRS) (1999). To provide some idea of the variation in fees, Medicaid reimbursement in California for obstetrical services were about 70 percent of the national average, whereas in Florida, similar fees were 120 percent of the national average in 1993.
We obtained estimates for each state separately and the results are listed in Table 7 . 15 Generally, the results in Table 7 are consistent with those in Table 4 , and show that Medicaid managed care was associated with an increase in the rate of low-birth weight for all four of the demographic groups.
Surprisingly, California is the only state that does not fit this pattern even though it had relatively low fees relative to other states. The upshot is that the national estimates presented earlier do not seem to hide much individual state heterogeneity.
Discussion:
In the early 1990s states began to increase their use of managed care organizations to provide health care to the Medicaid population. This policy was likely driven by the desire to contain costs.
Medicaid expenditures had been rapidly increasing during the preceding period and states were looking for a way to reduce outlays that did not rely on lowering reimbursement rates that were already quite low.
Moreover, the private sector experience with managed care had begun to pay off with moderate annual increases in health expenditures. So the adoption of managed care proceeded even though there was limited empirical evidence as to the effect of Medicaid managed care on the health and health care utilization of Medicaid recipients.
In this study, we addressed the gap in empirical evidence related to the effect of Medicaid managed care on health. This is important because as we have argued, an important criterion to evaluate the success of Medicaid managed care should be its effect-relative to traditional Medicaid-on health.
We presented an extensive analysis of the effect of Medicaid managed care programs on prenatal care, an important determinant of infant health, and birth weight, an important measure of infant health.
Specifically, our analysis examined all births in the United States to four groups of women between 1991 and 1996 to investigate whether there was a systematic relationship between the presence of a Medicaid 15 Dubay and Kenney also carried out a similar analysis for Missouri using data with the additional advantage of identifying women covered by Medicaid (Sommers, Anna, Lisa Dubay, and Genevieve Kenney, 2002) . The results of that analysis were very similar to those reported here-Medicaid managed care was associated with an increase in the incidence of low-birth weight.
managed care program and prenatal care use, cesarean section, birth weight and pre-term birth. Analyses were done separately by race/ethnicity of the mother using three groups: non-Hispanic, White; non-Hispanic, Black; and Hispanic (any race) women. The results of these analyses suggested the following:
• Medicaid managed care was associated with a small, clinically unimportant decrease in the number of prenatal care visits, although a similar relationship was not found for an alternative measure of the adequacy of prenatal care-the APNCU index.
• Medicaid managed care was associated with a significant increase in the incidence of low-birth weight and pre-term birth.
• Medicaid managed care had no association with the incidence of cesarean section.
We have argued that a causal interpretation of the first two findings is unjustified. In the case of prenatal care, our argument relies on the fact that estimates across demographic groups that differed significantly in their likelihood of being affected by Medicaid managed care were similar. For birth outcomes, a parallel argument was used that was bolstered by the argument related to the similarity of estimates of the effect of Medicaid managed care for LBW and pre-term birth. If we assume that the groups in the analysis sample that are unlikely to be affected by Medicaid managed care are good comparison groups for groups in the analysis sample that are likely to be affected, then estimates imply that Medicaid managed care had virtually no association with or causal effect on prenatal care use and birth outcomes.
In fact, this is our preferred conclusion.
The policy implication of our findings is that the switch to Medicaid managed care has not adversely affected infant health, as measured by birth weight. Therefore, it provides some justification for the switch to managed care since Medicaid managed care has been successful at slowing the growth in health care expenditures (Leibowitz 2001) . As noted, however, more study needs to be undertaken. Birth weight is a limited measure of infant health and there may be effects of Medicaid managed care on other aspects of infant health. In addition, our study was limited by the fact that we did not know who was actually enrolled in Medicaid and affected by the switch to Medicaid managed care. While we believe that our strategy to address this problem was credible, it would have obviously been better if we had information on enrollment in Medicaid. Finally, our classification of Medicaid managed care programs was crude, as there is much greater diversity in programs than reflected in our specification. This black box approach limited us to statements about the average effect of programs in our broad categories.
While these are meaningful for policymakers, they may obscure a significant amount of heterogeneity among programs within each category.
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